Use of ultrasound localization to improve results of fine needle aspiration cytology of breast masses
. Final diagnoses related to cytological diagnoses cytology performed either 'blind' in the clinic (Group 1), or using ultrasound localization as a guide (Group 2).
Aspiration in the clinic was performed using a 23 gauge needle attached to a disposable 20 ml syringe mounted on a Cameco type syringe piston holder. The breast lump was immobilized between two fingers of one hand and the needle introduced into the lesion. The number of needle manoeuvres performed whilst the needle tip remained within the lesion was recorded by an independent observer. The piston was released before needle withdrawal from the breast to prevent the aspiration of material into the syringe barrel.
Sonomammography was performed by one consultant radiologist experienced with breast imaging, using a general purpose Phillips 7100 Static B-Mode scanner with an ordinary 7.5 MHz transducer. The exact site and size of the lesion were determined, and the optimal plane and direction of puncture selected. A marker was placed on the skin and aspiration cytology performed immediately by the radiologist. The aspiration technique used was identical in both groups, except for the use of connecting tubing (Luer lead) between needle and syringe for the ultrasoundguided aspiration. This technique has been described for radiological localization purposea'f and was used to accomplish careful positioning of the needletip.
The aspirated material was expressed onto microscope slides for smearing, which was performed with a cover slip by a cytotechnologist. The aspirate was air dried and stained with May Grunewald Giemsa. All preparations were examined by an experienced consultant cytologist. A final diagnosis was established for each patient by histology or follow up.
Results were analysed using the standard chisquared teste.chi-squared test for trend, or Fisher's exact probability test as appropriate.
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Summary A prospective randomized controlled trial of 116 patients with breast masses was conducted to compare the accuracy of 'blind' aspiration cytology performed in the clinic with aspiration cytology using ultrasound localization. The unsatisfactory aspiration cytology rate was significantly reduced by ultrasound localization (P=0.028). This was mainly due to an improvement in the unsatisfactory rate for tumours less than 3 em in diameter (P=O.036). The results were influenced by the number of needle manoeuvres performed, < 10 needle manoeuvres being associated with a 54% unsatisfactory aspiration rate compared with 25% when> 10 manoeuvres were performed (P= <0.02). One experienced aspirator in the clinic had results comparable to those achieved with ultrasound localization.
It is concluded that experience and technique are the most important factors in obtaining a satisfactory aspirate from breast masses. Routine ultrasound
Introduction
The combination of clinical assessment, breast imaging and aspiration cytology has been shown to be very accurate for the preoperative diagnosis of breast masses!". However, the methods employed to evaluate breast masses are still evolving to attain optimal accuracy", Aspiration cytology has a high diagnostic accuracy after a satisfactory aspirate 7 ' 12 , but failure to reach a diagnosis in some cases, because of a high rate of unsatisfactory aspirates, may lead to problems for patient and clinician". Improved results from aspiration cytology would allow more efficient utilization of resources, reduce repeat outpatient appointments and enable better patient counselling prior to definitive treatment.
Ultrasound mammography has excellent cyst/solid specificity and is particularly useful in defining a mass lesion even in the X-ray dense breast 14 -17 • The aim of this study was to assess prospectively whether ultrasound localization of breast masses prior to aspiration improves the accuracy of cytological diagnosis. 
Results
A total of 116 patients were randomized in the study, but a number were excluded from each group: 10 patients randomized to Group 2 did not have an aspiration because no focal mass was demonstrable on ultrasound; and 2 patients from Group 1 and 8 patients from Group 2 were found to have cysts. Of the 96 patients remaining, 50 patients had aspiration in the clinic (Group 1) and 46 patients had aspiration using ultrasound localization as a guide (Group 2). The age distribution was similar in both groups and there was no significant difference in the numbers of malignant and benign lesions ( Table 1 ). The number and proportion of different cytological diagnoses (malignant, benign, equivocal or unsatisfactory for diagnosis) for both groups are shown in Table 2 . There were no false-negative or false-positive cytological diagnoses in either group. The rate of unsatisfactory aspirates was significantly lower when ultrasound localization was used to guide the aspiration (22%) compared with aspiration performed in the clinic (42%) (Fisher's exact test, P=0.028). Table 3 shows the proportion of unsatisfactory aspirates from malignant and benign masses for both groups. The unsatisfactory aspirate rate from malignant and benign masses was lower in Group 2, though not significantly so for either type of mass. The unsatisfactory aspirate rates for breast masses <3 em and> 3 em in diameter are shown in Table 4 .
Ultrasound-guided aspiration cytology significantly reduced the unsatisfactory rate for masses <3 em in diameter (P=0.04).
The number of needle manoeuvres performed during aspiration was compared with the unsatisfactory aspirate rate ( Table 5 ). The unsatisfactory rate in Group 1 was directly related to the number of needle manoeuvres performed. Fewer needle manoeuvres Table 3 
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Discussion
The necessity for accurate needle tip localization to achieve optimal results from aspiration cytology has been raised in some reports 4 ,8.19, but no series assessing ultrasound localization to guide aspiration cytology of breast masses has been reported. Studies of X-ray mammographically guided aspiration have been performed/" but some of the procedures require complex apparatus which is not widely available". An advantage of our method was its simplicity because we used general-purpose B-mode direct contact ultrasound scanning which was also employed for routine abdominal ultrasound.
There was a significant reduction in the unsatisfactory aspirate rate from breast masses aspirated using ultrasound localization. This reduction was almost entirely due to a lower rate from masses <3 em in diameter. Other advantages of ultrasound localization prior to aspiration cytology were shown by this study: 10 patients were saved a needlestick because there was no focal mass lesion demonstrable and a further 8 patients with cysts were able to undergo an immediate follow-up ultrasound examination following aspiration under ultrasound guidance to exclude any residual lesion.
Exclusions from the ultrasound group because of the lack of a focal mass may have been an important source of bias in this study because these were patients with fibroadenosis, a condition which tended to produce a high rate of unsatisfactory aspirates. Although follow up of patients with benign disease was relatively short, the high diagnostic accuracy of 'triple' assessment means that there was little chance of error 1 ,2. Studies have demonstrated that the success of aspiration cytology is greatly dependent on the aspiration technique and the cytologist's experience 2 ,l0,22,23. Dixon et al. 2 • 24 were emphatic that the major factor in the avoidance of acellular aspirates was the aspirator. The importance of the aspiration technique has been borne out in this study by the lower unsatisfactory rates when a greater number of needle manoeuvres were performed whilst the needletip was within the mass. This was also found by Furnival et al. 22 • The ideal situation would be to have a cytologist present in the clinic to report aspirate results and if necessary recommend repeat aspiration. This has been introduced in some centres 25 • 26 • Complex and expensive apparatus is now available and has been used for ultrasound-guided aspiration of liver, renal, adrenal, pancreatic and other retroperitoneal masses'". The simplest form of ultrasound guidance was used for this study. Goldberg and associates have devised an ultrasound aspiration biopsy transducer (UART) to allow the procedure to be continuously monitored'", Further technical adjuncts such as needle stabilizers and steering devices are also available", and may be utilized in the future for ultrasound-guided aspiration cytology of small breast masses.
In conclusion, aspiration cytology has proved to be an accurate preoperative diagnostic procedure for the evaluation of breast masses. The diagnostic accuracy without ultrasound localization was dependent mainly upon the technique of the aspirating clinician. More accurate localization of a mass lesion using conventional ultrasound equipment may further improve the sensitivity and specificity of the technique, particularly with small lesions. 
